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(57) ABSTRACT 

Datacasting systems may include one or more compound 
carousels each managing one or more elementary carousels, 
and managed by a bandwidth manager. Subsets of com 
pounds carousels may be identified, for example, according 
to priority levels. Bandwidth allocations may be determined 
for the compound carousels. For example, the bandwidth 
manager may utilize multiple bandwidth allocation cycles to 
determine the bandwidth allocations. The multiple band 
width allocation cycles may form a sequence. Each band 
width allocation cycle may at least partially allocate an avail 
able datacasting bandwidth resource to at least one of the 
identified subsets of the compound carousels. The allocations 
may be based at least in part on desired bandwidths deter 
mined by the compound carousels and/or one or more band 
width guidelines of datacast sessions associated with the 
compound carousels. 
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DATACASTING SYSTEM WITH 
HIERARCHICAL DELIVERY QUALITY OF 
SERVICE MANAGEMENT CAPABILITY 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application is a continuation-in-part of U.S. 
patent application Ser. No. 12/436,724, filed May 6, 2009, 
having attorney docket number 026584-00051OUS, and 
entitled “Datacasting System with Automatic Delivery of 
Service Management Capability', the contents of which are 
hereby incorporated in its entirety by reference. This appli 
cation is also a continuation-in-part of U.S. patent application 
Ser. No. 12/436,706, filed May 6, 2009, having attorney 
docket number 026584-000410US, and entitled “Datacasting 
System With Intermittent Listener Capability, the contents 
of which are hereby incorporated in its entirety by reference. 
0002 This application also incorporates by reference the 
entire contents of the U.S. patent application Ser. No. 1 1/626, 
707 entitled “Reliable Event Broadcaster with Multiplexing 
and Bandwidth Control Functions', filed Jan. 24, 2007, hav 
ing attorney docket number 026584-000210US, and pub 
lished as United States Pre-Grant Publication No. 2007/ 
01801 19 on Aug. 2, 2007. 

BACKGROUND 

0003) A number of protocols exist that are designed to 
facilitate the distribution of data objects (e.g., files, notifica 
tions, events, etc.) over a unidirectional network (e.g., IP 
multicast or broadcast, unicast UDP networks). For simplic 
ity, such networks will be referred to generically in this 
description as “datacast networks', and it will be understood 
that the term refers to the specific networks mentioned as well 
as similar data distribution networks. For packet-based tech 
nologies, the distribution of data objects involves object pack 
etizing at the server (that is, breaking a data object into mul 
tiple Smaller data packets), transmission over the network and 
reassembly of the data object from the packets at the client. 
The data objects are typically transmitted in the context of a 
logical session that is identified as part of the datacast proto 
col. 
0004 Datacasting algorithms typically take into accounta 
number of constraints or operating conditions. First, there is 
typically limited bandwidth due to, for example, constraints 
imposed by the transmission technology or medium as well as 
by the transmission network operator. Second, clients 
attempting to receive the packets may not receive all the 
packets, may not be continuously listening, or not be listening 
at the same time as one another. Both of these types of con 
straints become especially acute for wireless datacasting sys 
tems. In particular, wireless broadcast spectrum, and its asso 
ciated bandwidth, are scarcer than other types of broadcast 
media. This scarcity often leads to tightly allocated usage of 
the broadcast spectrum, thus limiting overall bandwidth. 
Likewise, wireless clients are much less capable of listening 
in a continuous mode due to coverage problems or power 
consumption limitations. 
0005 One approach suited for file or data object distribu 
tion is to implementadatacast"carousel. As typically imple 
mented, a carousel contains a set of data objects each of which 
is transmitted in turn one after the other in a cyclical fashion. 
Objects may be added to or removed from the carousel from 
time to time, but the carousel repeatedly cycles through the 
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transmission of the objects. With this mode of operation, any 
client that joins a datacast in progress will acquire all the 
objects if it listens long enough. For certain simple applica 
tions where the set of objects on the carousel do not change 
often, such as for “offline file delivery” applications, this 
technique may be adequate to provide a desired level of 
service. 

0006. One approach that that has been tried for improving 
the operating characteristics of a simple data carousel is to 
implement a “fast' and a “slow carousel for file transmis 
Sion. In this approach, the data objects are divided into two 
Subsets based on a partitioning criterion Such as validity time 
or priority. One Subset, typically a relatively small one (one 
day out of a weekly schedule, for example) is inserted into the 
“fast' carousel which provides a faster transmission while the 
rest of the data objects are inserted into a “slow carousel 
which provides a slower transmission. One of the disadvan 
tages of this arrangement is that the bandwidth for the carou 
sels is generally pre-allocated based on the amount of data the 
application anticipates will be in each Subset. There is no 
automatic management of bandwidth or object allocation to 
carousels, and these parameters change only on occasions 
where the overall content of the set of carousels is changed. 
0007 Bandwidth utilization by the application and system 

is therefore not necessarily optimal using this approach. 
Another disadvantage of this arrangement is that the applica 
tion providing the objects to be datacast may need to directly 
manage all aspects of this type of carousel, which makes the 
application more complicated to develop. Yet another disad 
Vantage of this approach is that the corresponding client 
application may need to either listen to both carousels to get 
the complete set of data objects or be aware of some charac 
teristic of the two carousels that enables the client application 
to more efficiently receive the desired objects. Typically, the 
client application directly manages this aspect of the listening 
behavior, so that it may require more complicated client 
application development. A further difficulty of this arrange 
ment is that client applications generally are provided by 
multiple vendors; thus, making all client applications aware 
of the characteristics of the two carousels may require some 
form of coordination or standardization. 
0008. It may be desirable that a client application acquire 
the transmitted data objects in the shortest time; however the 
acquisition time is inversely related to the available transmis 
sion bandwidth. It may also be desirable to lower the process 
ing requirements placed on the client application in order to 
preserve the battery life on the client device. As recognized by 
the inventors, existing approaches to the management of data 
cast services only effectively address certain types of static 
file or data object delivery sessions. In circumstances where 
the type and number of such objects changes overtime and the 
available bandwidth is limited, it may be desirable for the 
object delivery quality of service (DQoS) to be managed 
more precisely, for example, to optimize the balance between 
the acquisition time and available transmission bandwidth, 
while allowing the client application to receive the object with 
the highest reliability (e.g., high probability) and minimal 
processing. 
0009. A particular bandwidth resource may be utilized by 
multiple datacast sessions. Some approaches to addressing 
the problems described above fail to perform effectively 
when considered from the perspective of the collection of 
multiple datacast sessions. For example, a change to band 
width needs and/or desires within one datacast session may 
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require a re-allocation of the bandwidth resource to maintain 
optimality with respect to various delivery quality of service 
goals. The multiple datacast sessions may be associated with 
multiple applications, and the applications may, in effect, 
compete for the bandwidth resource. Approaches attempting 
to delegate aspects of multiple datacast session optimization 
to the application level may be problematic, for example, due 
to unmanaged competition. 
0010 What is desired is a system, apparatus and method 
for more efficiently managing the distribution of data objects 
using a datacast system in the situation where the type and 
number of Such objects changes over time, and which over 
comes the noted disadvantages of present approaches to solv 
ing this problem. Embodiments of the invention are directed 
toward solving these and other problems individually and 
collectively. 

SUMMARY 

0011 Embodiments of the present invention are directed 
to datacasting systems, apparatuses, and methods. In some 
embodiments, exemplary datacasting systems may include 
one or more compound carousels each managing one or more 
elementary carousels, and managed by a bandwidth manager. 
Requests for bandwidth allocation may be made, for 
example, by the compound carousels to the bandwidth man 
ager. Subsets of compound carousels may be identified, for 
example, according to priority levels. Bandwidth allocations 
may be determined for the compound carousels. For example, 
the bandwidth manager may utilize multiple bandwidth allo 
cation cycles to determine the bandwidth allocations. The 
multiple bandwidth allocation cycles may form a sequence. 
Each bandwidth allocation cycle may at least partially allo 
cate an available datacasting bandwidth resource to at least 
one of the identified subsets of the compound carousels. The 
allocations may be based at least in part on desired band 
widths determined by the compound carousels and/or one or 
more bandwidth guidelines of datacast sessions associated 
with the compound carousels. Notifications of determined 
bandwidth allocations may be issued, for example, by the 
bandwidth manager to the compound carousels. Requests for 
bandwidth allocation may result in notifications issued to 
non-requesters. A compound carousel may distribute a given 
bandwidth allocation among its component elementary car 
ousels in accordance with configured elementary carousel 
management policies. 
0012. This Summary is provided to introduce a selection 
of concepts in a simplified form that are further described 
below in the Detailed Description. This Summary is not 
intended to identify key or essential features of the claimed 
Subject matter, nor is it intended to be used as an aid in 
determining the scope of the claimed subject matter. Other 
objects and/or advantages of the present invention will be 
apparent to one of ordinary skill in the art upon review of the 
detailed description of the present invention and the included 
figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 Various embodiments in accordance with the 
present disclosure will be described with reference to the 
drawings, in which: 
0014 FIG. 1 is a functional block diagram illustrating 
aspects of a server platform and client platform that are part of 
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an example datacast system suitable for implementing an 
embodiment of the present invention; 
0015 FIG. 2 is a flowchart depicting example steps for 
creating a compound carousel in accordance with some 
embodiments of the present invention: 
0016 FIG. 3 is a flowchart depicting example steps for 
adding a data object to a compound carousel in accordance 
with some embodiments of the present invention; 
0017 FIG. 4 is a flowchart depicting example steps for 
removing a data object from a compound carousel in accor 
dance with some embodiments of the present invention; 
0018 FIG. 5 is a flowchart depicting example steps for 
handling a lifetime expiration event in accordance with some 
embodiments of the present invention: 
0019 FIG. 6 is a schematic diagram depicting aspects of 
an example delivery quality of service (DQoS) management 
hierarchy in accordance with some embodiments of the 
present invention; 
0020 FIG. 7 is a flowchart depicting example steps for 
managing DQoS in accordance with some embodiments of 
the present invention; 
0021 FIG. 8 is a flowchart depicting further example steps 
for managing DQoS in accordance with some embodiments 
of the present invention; 
0022 FIG. 9 is a flowchart depicting still further example 
steps for managing DQoS in accordance with Some embodi 
ments of the present invention; 
0023 FIG. 10 is a flowchart depicting example steps for a 
highest priority bandwidth allocation cycle in accordance 
with some embodiments of the present invention; 
0024 FIG. 11 is a flowchart depicting example steps for a 
normal bandwidth allocation cycle in accordance with some 
embodiments of the present invention: 
0025 FIG. 12 is a flowchart depicting example steps for a 
desired bandwidth allocation cycle in accordance with some 
embodiments of the present invention: 
0026 FIG. 13 is a flowchart depicting example steps for a 
maximum bandwidth allocation cycle in accordance with 
Some embodiments of the present invention; 
0027 FIG. 14 is a flowchart depicting example steps for 
distributing abandwidth allocation to elementary carousels in 
accordance with some embodiments of the present invention; 
0028 FIG. 15 is a flowchart depicting example steps for 
intake policing in accordance with some embodiments of the 
present invention; and 
0029 FIG. 16 is a schematic diagram depicting aspects of 
an example computer device in accordance with some 
embodiments of the present invention. 
0030 Note that the same numbers are used throughout the 
disclosure and figures to reference like components and fea 
tures. 

DETAILED DESCRIPTION 

0031 Embodiments of the present invention are directed 
to a datacast system, and associated apparatuses and methods 
for automatically managing a data object or objects within a 
hierarchical carousel structure by enabling, among other 
functions, the dynamic allocation of bandwidth to each car 
ousel within the structure. The dynamic bandwidth allocation 
enables a server platform to redistribute the bandwidth allo 
cated to a carousel or set of data objects to adjust to desired 
changes in object transmission policies or priorities of a data 
cast application. The hierarchical carousel structure appears 
to the datacast application as a single entity so that the appli 
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cation is not required to decide which objects to transmit from 
which carousels. In at least Some embodiments of the inven 
tion, a client side method enables the client to automatically 
listen to different carousels depending at least in part on an 
operating state of the client device. In at least some embodi 
ments of the invention, complexities of the hierarchical car 
ousel structure may beat least partially hidden from the client 
device. For example, a facility may be provided enabling the 
client device to listen and/or subscribe to a single entity rather 
than to a particular carousel of the hierarchical carousel struc 
ture. 

0032 Some embodiments of the invention disclosed here 
inafter are discussed in terms of utilizing a structure, that in 
accordance with some embodiments of the present invention, 
is termed a “compound carousel.” In the context of the present 
invention, a compound carousel is a datacast management 
unit that automatically provides for the differentiated alloca 
tion of transmission resources (e.g., bandwidth) on a per 
object basis. In at least one embodiment, for example, allo 
cation of bandwidth to a data object is allowed to vary over 
time for the object. The bandwidth allocation may comprise 
one or more of the following processes, for example: a newly 
added object may be transmitted immediately, an object may 
be removed from the carousel or allocated less bandwidth 
after a certain time, and/or the total bandwidth used for trans 
mission of an object may increase or decrease. There may be 
multiple compound carousels in use by one or more applica 
tions, sharing a common bandwidth resource. The present 
invention enables each compound carousel to be managed in 
such a way as to optimize the Delivery Quality of Service 
(DQoS) for a given total carousel bandwidth (i.e., the total 
bandwidth allocated to all carousels within the compound 
carousel), where this bandwidth may vary over time. 
0033. A benefit of some embodiments of the present 
invention is that the detailed management of various aspects 
of the data object transmission are not required to be managed 
by the datacast applications that are providing the data 
objects. On the server side, applications provide the overall 
DQoS strategy parameters to the compound carousel man 
ager, and then publish the data objects. On the client side, 
applications are notified of the arrival of a new object, while 
the client component of the compound carousel infrastructure 
manages transmission reception in Such a way as to optimize 
client power or battery usage and other relevant resources 
(e.g., client data processing resources). 
0034) Note that the concept of Delivery Quality of Service 
(DQoS) may encompass multiple aspects of object delivery 
as perceived by a datacast client. The listening pattern of a 
client should usually be taken into account in developing a 
datacast management strategy, since the objective is typically 
to minimize the overall bandwidth usage necessary to achieve 
the desired DQoS. DQoS is typically concerned with one or 
more aspects of object delivery and may include one or more 
of the following attributes (where the relative importance of 
each may be taken into account in developing the overall 
DQoS strategy): time taken to acquire a newly published 
object for a stable (currently listening) client, time taken to 
acquire all currently published objects for a joining (newly 
listening) client, or reliability of delivery for a given trans 
mission error rate, for example. 
0035. Note that for a given available bandwidth, DQoS 
quality measures may need to be traded off against one 
another; the specific objectives will depend on the datacast 
application and session type, as described in more detail 
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below. Although only exemplary, the following set of com 
pound carousel application use cases is of interest and will be 
described in greater detail: 

0.036 Rapid Update: Prioritized delivery of new addi 
tions to a file delivery carousel; 

0037 Rapid Update with Intermittent Listener: Priori 
tized delivery of new additions to a file delivery carousel 
for clients operating in an intermittent listening mode; 
and 

0.038 Outage Protection of Event Stream: A mecha 
nism for recovery of missed one-time events. 

0039 Typically, management of a compound carousel 
server or server platform requires reacting to triggers for 
reallocation of resources in the system. These triggers may 
include, but are not limited to: 

0040 publication of a new object; 
0041 explicit removal of an object; 
0.042 expiration of the coverage time of an object; 
0.043 successful completion of reliable transmission of 
an object; 

0044 increase or decrease of the bandwidth available to 
the compound carousel; and/or 

0045 changes in configuration parameters of the com 
pound carousel. 

Each of these events may trigger a change to the bandwidth 
currently allocated to an object, as well as to control infor 
mation that is being provided with the data packets. 
0046 Operation and management of a compound carousel 
system client or client platform may involve monitoring the 
packet traffic not only for object data, but also for control 
information that allows optimized management of the client 
device resources. Typically, Such control information may be 
parsed by the client and enable the client to take certain 
actions in an effort to better manage client resources. For 
example, the server may add control information to the pack 
ets that enables the client to determine that it has received all 
current objects. The client may then use Such information to 
turn off its receiver to conserve battery power. The client 
could then wake up (turn on its receiver) periodically to see if 
there has been a change in the state of the carousel or objects 
within the carousel. Note that this means of saving battery 
power is only one exemplary use of control information. The 
client may also, for example, use control information to 
enable the client to ignore packets with certain headers thus 
saving processing, memory and battery resources. Likewise, 
a client may be able to receive a new object faster since more 
bandwidth is allocated to the rapid update carousel so that the 
receiver needs to be turned on for a shorter period of time and 
conserve battery if it has received all current objects. These 
and other types of operations or management services or 
functions are possible with cooperative client-server tech 
niques in accordance with some embodiments of the present 
invention, as is described in more detail below. Note that 
certain aspects of the use of control information are described 
in the co-pending U.S. patent application Ser. No. 12/436,706 
entitled “Datacasting System with Intermittent Listener 
Capability', filed May 6, 2009, having attorney docket 
026584-000410US, the contents of which has been incorpo 
rated by reference in its entirety into this application. 
0047 FIG. 1 is a functional block diagram illustrating 
aspects of a server platform 102 and client platform 120 that 
are part of an example datacast system 100 suitable for imple 
menting an embodiment of the present invention. Server plat 
form 102 includes one or more compound carousels 104 that 
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are populated with data objects provided by a server applica 
tion 148. Each compound carousel 104 includes one or more 
elementary carousels 105, one of which may serve as a root 
carousel 109 and one of which may serve as a leaf carousel 
107. Server platform 102 further includes a bandwidth man 
ager 106 and a session configuration component 110. Server 
platform 102 provides session configuration data 114 and 
packetized object data (object data packets) 112 to a network 
transmitter component 108 which is used to transmit the 
session configuration data 114 and object packets 112 over a 
datacast network 130 to a network receiver component 122. 
Network receiver component 122 receives the transmitted 
data and provides session configuration data 154 (which typi 
cally is a Subset of the session configuration 112 and repre 
sents that data in which the client application is interested) 
and object packets 152 to client platform 120. Note that some 
aspects of the operation of receiver component 122 may be 
determined by receiver control instructions 150 provided by 
client platform 120. Client platform 120 further includes an 
object (re)assembly component 124, a compound carousel 
listener management component 126, a session configuration 
component 128, and a data storage component 156 for storing 
the received data objects after re-assembly of the transmitted 
data packets into the respective data objects. Note that object 
packets and session configuration data may be transmitted 
from server platform 102 to one or more client platforms 120 
over datacast network 130. 

0048. As shown in FIG. 1, in typical operation of an exem 
plary embodiment of the present invention, an object is pub 
lished or otherwise provided 150 by a server application 148 
to server platform 102 of the system 100. Session configura 
tion component 110 may be implemented as a data storage for 
the session configuration parameters. The object to be data 
cast is added to one of the compound carousel 104 based on 
the DQoS (delivered quality of service) requirements and the 
session configuration parameters of the compound carousel 
(s). Bandwidth manager 106 is responsible for managing the 
bandwidth allocation and usage of each of compound carou 
sels 104. When the bandwidth allocated to a compound car 
ousel changes, the state of each elementary carousel 105 
(which may be the root carousel 109 or leaf carousel 107) 
within that compound carousel is updated. The object(s) 
added to compound carousel 104 are packetized by elemen 
tary carousel 105 in preparation for transmission over data 
cast network 130 by network transmitter 108. As noted, the 
data object packets 112 are provided to network transmitter 
108 for transmission over datacast network 130. 

0049. After transport over datacast network 130, the data 
object packets are received by network receiver 122, which is 
coupled to client platform 120, some aspects of the operation 
of which may be controlled by signals or instructions pro 
vided by the client side elements of system 100. As shown, 
network receiver 122 provides the received object packets 
152 to client platform 120 of the system 100. Receiver control 
instructions 150 may be provided by compound carousel 
listener management component 126 based on the current 
state of the sessions and the session configuration parameters. 
Session configuration parameters 154 may be obtained 
through a suitable synchronization mechanism with server 
platform session configuration component 110 that occurs 
prior to, or during the datacast session. For this synchroniza 
tion, a datacast mechanism (such as an Electronic Service 
Guide) or an out-of-band mechanism (such as HTTP fetch by 
the client of the session description) may be employed, 
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although other Suitable mechanisms are also possible. The 
received object packets 152 are then (re)assembled by object 
re-assembly component 124 into the data object or objects 
that were originally published by server application 148, and 
the client application 160 is notified of the availability of a 
new object by a suitable object notification mechanism 158. 
Note that the object may be part of the notification itself or 
may be stored in a data storage component for received 
objects 156 that client application 160 can access to retrieve 
the object. As discussed, compound carousel listener man 
agement component 126 controls certain aspects of the opera 
tion of network receiver 122 using receiver control instruc 
tions 150; this effectively allows the client platform to listen 
to the appropriate elementary carousel based on the methods 
described herein. In some embodiments, the operation of the 
listener management component is determined in whole or in 
part by the configuration data for a session, with that data 
being received as part of, or as a separate transmission from, 
the datacast. 

0050. In at least some embodiments of the present inven 
tion, there is assumed a multicast IP transport with undiffer 
entiated packet delivery, and the modification of the per 
object resource allocation consists of multicasting the packets 
of different objects at different rates. In at least some embodi 
ments, this modification is implemented by maintaining a set 
of separate ALC (Asynchronous Layered Coding) protocolor 
FLUTE protocol (an enhancement of the ALC protocol) ses 
sions of varying bandwidth, and moving objects from 
elementary carousel to elementary carousel within a com 
pound carousel. For example, the ALC protocol may be one 
implemented in accordance with Luby et al., “Asynchronous 
Layered Coding (ALC) Protocol Instantiation.” Internet 
Engineering Task Force (IETF) Request for Comments 
(RFC) 3450, December 2002, and the FLUTE protocol may 
be one implemented in accordance with Paila et al., 
“FLUTE File Delivery over Unidirectional Transport.” 
IETF RFC 3926, October 2004. Those of skill in the art will 
recognize that other techniques, methods, and protocols are 
possible and may be utilized to achieve a similar goal of 
per-object, time-varying delivery rate, and therefore can be 
utilized to implement embodiments of the present invention. 
0051. As noted, in the context of the present invention a 
“compound carousel’ is a datacast management unit that 
provides differentiated allocation of transmission resources 
on a per-object basis. That is, once an object is added, it is 
transmitted one or more times with resources allocated to that 
object in a time-varying way, Such that the overall optimiza 
tion goals of the compound carousel and datacast system are 
met. Although the end effect may reduce in a special case to 
a simple “carousel' (i.e., repeated serial transmission of the 
objects currently managed), embodiments of the present 
invention allow the system to operate with a substantially 
differentallocation of resources that can provide significantly 
improved Delivery Quality of Service (DQoS). 
0052. This allocation (in some implementations, the allo 
cation of bandwidth used at a given instant to transmit packets 
corresponding to a data object) is allowed to vary over time, 
even for the same object. For example: 

0.053 a newly added object may be transmitted imme 
diately, with higher bandwidth allocated to it than exist 
ing objects; 

0.054 an object may be removed or allocated less band 
width after a certain time; and/or 
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0055 the total bandwidth used for transmission of the 
objects may increase or decrease, provided that the over 
all DQoS target of the compound carousel is met. 

0056. The resource management of a compound carousel 
takes into account interactions with the overall bandwidth 
management methods and goals of the datacast system. There 
may be multiple compound carousels, together with other 
demands on the available bandwidth, so that the management 
policy of an individual compound carousel should be capable 
of dynamically adjusting to external conditions, and should 
be able to communicate to other elements of the system that 
the overall resources needed by the compound carousel may 
have changed. 
0057 Embodiments of the invention may be described in 
terms of a compound carousel that represents a managed 
collection of "elementary carousels' that have a well-defined 
behavior. In some embodiments, this behavior can be imple 
mented by using techniques for managing simple carousels. 
Embodiments of the invention manage the bandwidth and 
object membership of these elementary carousels in a manner 
designed to optimize overall DQoS, subject to the bandwidth 
constraints of the compound carousel. It will be understood, 
however, that this management strategy can be applied in 
other implementations to allow time-varying resource alloca 
tion per object. For example, a single carousel can be allo 
cated for each object, and the bandwidth allocated to each 
carousel can then be varied according to this management 
Strategy. 
0058. In at least one embodiment, at least part of a com 
pound carousel 104 may be constructed as a chain of elemen 
tary carousels, as shown in FIG.1. In at least one implemen 
tation, each elementary carousel 105 may be implemented as 
a circular linked list with each list element pointing to an 
object to be transmitted. The head of the linked list may point 
to the object currently being transmitted. The objects in the 
elementary carousel may be transmitted in sequential order. 
0059 An example movement of objects within the com 
pound carousel will now be described with reference to FIG. 
1. The top level elementary carousel is referred to as the “root 
carousel 109. The bottom level elementary carousel is 
referred as the “leaf carousel 107. When a new object is 
added to a compound carousel 104, it is first added to its 
respective root carousel 109. When that object is to be 
removed from that elementary carousel, it is moved to the 
next elementary carousel in the chain. The object may be 
removed from the root carousel for a number of reasons 
including because it has been transmitted “reliably, and/or a 
lifetime of the object of the elementary carousel expires. 
When the object is removed from the second elementary 
carousel, it is moved to the third elementary carousel and so 
on through the chain. Eventually, the object will reach the leaf 
carousel 107 and when it is removed from that carousel, it is 
has been completely removed from compound carousel 104. 
0060 Leaf elementary carousel 107 may optionally be 
marked as a “Base'. When the leaf carousel is marked as a 
Base, whenever a file is added to compound carousel 104, it is 
added to both the Root and the Base (leaf) elementary carou 
sels. For example, the file may be added to the Base carousel 
in the case that backward compatibility is desired with clients 
that are able to listen to a single carousel, but are not currently 
configured to make use of certain features of the present 
invention. 
0061. When a file is removed from a compound carousel, 
a remove operation (or its equivalent) is issued on the Root 
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carousel and the file is removed from all elementary carousels 
including the base carousel of that compound carousel. As 
mentioned, typically, the file exists in the base carousel in the 
case that the file is added to the base carousel for backward 
compatibility. When a removeal operation (or its equivalent) 
is issued on the Root carousel, all objects are removed from 
all elementary carousels of the compound carousel. 
0062 Each time when an object is moved from one 
elementary carousel to another within a compound carousel, 
or is completely removed from the compound carousel, the 
bandwidth usage of each elementary carousel may be re 
adjusted so that DQoS constraints on the datacast session can 
be met with the minimum bandwidth requirement. An update, 
including any unused bandwidth, is made available to the 
bandwidth manager 106 (FIG. 1) for re-distribution or re 
allocation as needed. 

0063. One trigger or event that causes object movement 
within a compound carousel is when the object has been 
reliably transmitted within an elementary carousel. Note that 
there are multiple ways to determine that the object has been 
reliably transmitted, and any suitable method may be used in 
implementing the present invention. 
0064. The bandwidth manager 106, external to the set of 
compound carousels 104, assigns the bandwidth to be used 
for each compound carousel. Bandwidth allocation may be 
based on a number of factors. For example, allocation may be 
based on the configuration of a compound carousel. The 
configuration of a compound carousel takes into account a 
number of other factors such as: the overall bandwidth avail 
able, the acquisition time, and other QoS parameters such as 
error rate, transmission delays and the like. The bandwidth 
allocation may also be based on, for example, the dynamic 
bandwidth usage of each compound carousel. In this regard, 
a compound carousel may release Some of its allocated band 
width usage to the bandwidth manager depending on the 
actual bandwidth usage, or may request additional bandwidth 
if the allocated bandwidth was insufficient to satisfy a desired 
DQoS criteria. For example, if all the objects in the compound 
carousel have been transmitted, then no additional bandwidth 
is needed and the allocated, but unused bandwidth may be 
released back to the bandwidth manager. Note that these 
changes may result in reallocation of bandwidth (increase or 
decrease) to other sessions, where a session may correspond 
to a compound carousel, a simple file carousel, or another 
type of datacast session managed by the same bandwidth 
manager. Note that an elementary carousel typically does not 
Support a session by itself, though it could, for example, in a 
situation in which the elementary carousel is not part of a 
compound carousel. 
0065. As described above, total datacasting bandwidth 
available to the server platform 102 may be limited, and may 
change over time. Compound carousels 104 and associated 
datacast sessions of different types (e.g., as maintained by the 
session configuration component 110) may place different 
demands on this common resource (i.e., the available band 
width). The bandwidth manager 106 may manage allocation 
of the available bandwidth among the compound carousels 
104 and/or the associated datacast sessions. In particular, the 
bandwidth manager 106 may dynamically allocate the avail 
able bandwidth among the compound carousels 104 and/or 
the associated datacast sessions as compound carousels 104 
and/or associated datacast sessions are added, updated and/or 
deleted. 
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0066. The bandwidth manager 106 may receive requests 
from the compound carousels 104 and/or send notifications to 
the compound carousels 104. The compound carousels 104 
may receive requests from the bandwidth manager 106 and/or 
send notifications to the bandwidth manager 106. In particu 
lar, the compound carousels 104 may request desired band 
width allocations from the bandwidth manager 106, and the 
bandwidth manager 106 may notify the compound carousels 
104 of their actual bandwidth allocations. The bandwidth 
manager 106 may notify the compound carousels 104 of 
updated bandwidth allocations responsive to events other 
than requests. For example, the bandwidth manager 106 may 
issue updated bandwidth allocation notifications responsive 
to a change in the available bandwidth. As described above, 
each of the compound carousels 104 may incorporate one or 
more elementary carousels. Responsive to receiving a band 
width allocation notification from the bandwidth manager 
106, a compound carousel may further allocate and/or re 
allocate the received bandwidth allocation among its elemen 
tary carousels, as is described below in more detail. 
0067. It will be helpful to describe examples of steps, 
processes, functions and/or operations that may be performed 
by the bandwidth manager 106 in accordance with some 
embodiments of the present invention. Procedures incorpo 
rating Such steps, processes, functions and/or operations may 
be triggered and/or activated by Suitable events including 
events internal and/or external to the compound carousels 
104. Examples of suitable events include creation of a com 
pound carousel, addition of a data object to a compound 
carousel, removal of a data object from a compound carousel, 
expiration of an elementary carousel lifetime, reconfiguration 
of a compound carousel and/or reconfiguration of the band 
width manager 106. 
0068. Each datacast session may be associated with one or 
more compound carousels 104. However, typically datacast 
session and compound carousels 104 have a one to one cor 
respondence, so that the terms "session' and "compound 
carouselas used herein may be understood as referring to its 
corresponding associated concept and/or entity unless spe 
cifically stated otherwise or clearly contradicted by context. 
Similarly, each elementary carousel (e.g., elementary carou 
sels 105,107,109 of FIG. 1) may facilitate datacasting of one 
or more data objects. However, in some embodiments of the 
present invention, elementary carousels may be utilized as a 
per-object bandwidth management mechanism within a com 
pound carousel. 
0069. Each compound carousel 104 may include a set of 
Suitable policies and/or rules (“policies”) for managing its set 
of elementary carousels. Examples of Suitable policies 
include policies with respect to addition, update and/or dele 
tion of data objects, addition, update and/or deletion of 
elementary carousels, allocation of data objects to the 
elementary carousels, allocation of bandwidth to the elemen 
tary carousels including dynamic allocation and/or re-alloca 
tion (“dynamic allocation') of bandwidth to the elementary 
carousels, prioritization of elementary carousels (e.g., with 
respect to bandwidth), and/or suitable combinations thereof. 
0070. Each compound carousel 104 may further maintain 
a set of suitable quality of service (QoS) parameters (includ 
ing QoS targets) applicable at the compound carousel level. 
For example, the compound carousel may apply its policies 
for managing its set of elementary carousels so as to achieve 
targets and/or enforce thresholds specified at least in part by 
the QoS parameters. Examples of suitable QoS parameters 
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include a normal bandwidth guideline (e.g., an expected and/ 
or typical bandwidth utilization), a maximum bandwidth 
guideline (may be a hard or soft limit), a minimum bandwidth 
guideline, a priority (e.g., corresponding to a session priority 
level), target acquisition time (AT) for new listeners (e.g., 
time to acquire a new copy of a particular data object), target 
acquisition time for update listeners (e.g., time to acquire one 
or more incremental updates to a previously acquired data 
object), target coverage time for outage victims, and one or 
more acquisition time relaxation factors (e.g., to accommo 
date variable loading by listeners). 
0071. In addition to parameters maintained by the com 
pound carousels 104, the bandwidth manager 106 may main 
tain a set of Suitable parameters for each of the compound 
carousels 104. Examples of suitable parameters include a 
current bandwidth (e.g., a currently allocated portion of the 
available bandwidth and/or a measure current bandwidth uti 
lization), and a prioritization status (e.g., a currently allocated 
priority level and/or an indication of whether the compound 
carousel has been preempted). The current bandwidth param 
eter maintained by the bandwidth manager 106 for each com 
pound carousel 104 may be determined, for example, based at 
least on collective bandwidth allocation requests and/or col 
lective session priority level allocations. The bandwidth man 
ager 106 need not be aware and/or concerned with respect to 
details of how a particular compound carousel divides up its 
bandwidth allocation among its elementary carousels. How 
ever, the bandwidth manager 106 may query one or more of 
the compound carousels 104 for suitable information such as 
QoS targets and/or performance with respect to QoS targets. 
0072 FIG. 2 depicts example steps for creating a com 
pound carousel in accordance with some embodiments of the 
present invention. At Step 202, a new session request may be 
received. For example, the new session request may be 
received by the server platform 102 (FIG. 1) from an appli 
cation Such as the server application 148. The new session 
request may specify a session type and/or include a set of QoS 
parameters and/or targets such as those maintained by the 
compound carousels 104. The particular set of QoS param 
eters included in the new session request may be based at least 
on the session type. The new session request may further 
specify one or more load profiles including normal, expected 
and worst case load profiles. Parameters may be specified 
with any suitable parameter specification language including 
markup languages such as an extensible markup language 
(e.g., XML), programming languages including data struc 
tures thereof, languages defined expressly for the purpose, 
and suitable combinations thereof. 

0073. At step 204, an attempt to create a compound car 
ousel may be initiated. For example, the server platform 102 
(FIG. 1) may attempt to create a new one of the compound 
carousels 104 responsive to the request received at step 202. 
As depicted in FIG. 2, compound carousel creation may itself 
include multiple steps. 
0074 At step 206, an attempt to create one or more 
elementary carousels may be initiated. For example, the com 
pound carousel under construction at step 204 may attempt to 
create its elementary carousels. The particular elementary 
carousels created may depend at least on the session type, for 
example, specified by the new session request. Correspond 
ing QoS parameters provided to the elementary carousels 
may also depend at least on the session type, as described 
below in more detail. 
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0075. At step 208, it may be determined whether the QoS 
targets are achievable. For example, the compound carousel 
under construction may determine whether the QoS targets 
are achievable based at least on resource requirement deter 
minations made by the elementary carousel(s) referenced at 
step 206. As just one example, the compound carousel may 
determine a minimum bandwidth requirement for the com 
pound carousel as a whole based at least on minimum band 
width requirements determined by the elementary carousel(s) 
referenced at step 206. Again, such determinations are 
described in more detail below. If the QoS targets are not 
achievable, a procedure incorporating step 208 may progress 
to step 210. Otherwise, the procedure may progress to step 
212. 

0076. At step 210, a notification of session creation failure 
may be sent. For example, the server platform 102 (FIG. 1) 
may send the notification of Session creation failure to the 
server application 148 responsive to the request at step 202. 
Although not depicted in FIG. 2, the server application 148 
may resubmit the request, for example, when additional 
resources are available, in the context of a different session 
type and/or with relaxed QoS targets. The quality of service 
provided by a compound carousel may be constrained in 
complex ways. Such notifications of session creation failure 
may contribute to an awareness that Such constraints are 
being reached and/or an understanding of how the quality of 
service is being constrained. 
0077. As part of elementary carousel creation, the com 
pound carousel may determine a desired bandwidth alloca 
tion for the compound carousel as a whole. At step 212, a 
bandwidth (BW) allocation request may be sent. For 
example, the compound carousel under construction may 
send the bandwidth allocation request to the bandwidth man 
ager 106 (FIG. 1). As described below in more detail (al 
though not shown in FIG.2), the bandwidth manager 106 may 
determine abandwidth allocation for the compound carousel 
in a context of the compound carousels 104, and respond to 
the request at step 212. At step 214, it may be determined if the 
allocated bandwidth is sufficient. For example, the compound 
carousel under construction may compare the bandwidth 
allocated by the bandwidth manager 106 with the bandwidth 
allocation requested at step 212. If the allocated bandwidth is 
insufficient, the procedure may progress to step 210. Other 
wise, the procedure may progress to step 216. 
0078 Step 214 may be performed by the bandwidth man 
ager 106 (FIG. 1). For example, the bandwidth manager 106 
may determine whether the bandwidth allocation request by 
the compound carousel under construction can be accommo 
dated based at least on the total available bandwidth and/or a 
bandwidth allocated to a particular set of multiplexed datacast 
sessions that is to include the new datacast session requested 
at step 202. However, it may be that the compound carousel 
under construction has the flexibility to adapt to abandwidth 
allocation that is less than that requested. In Such a case, step 
214 may be performed by the compound carousel. At step 
216, a session created notification may be sent. For example, 
the server platform 102 may send the session created notifi 
cation to the server application 148 responsive to the request 
at step 202. 
007.9 FIG. 3 depicts example steps for adding a data 
object to a compound carousel in accordance with some 
embodiments of the present invention. At step 302, a request 
to add a data object may be received. For example, the server 
platform 102 (FIG. 1) may receive a request to add the data 

Nov. 11, 2010 

object to a particular datacast session associated with a par 
ticular compound carousel. At step 304, hypothetical values 
for one or more QoS parameters may be estimated. For 
example, the compound carousel may estimate changes to 
current QoS parameter values that would occur if the data 
object of step 302 were added to the compound carousel. 
0080. At step 306, it may be determined whether the hypo 
thetical values estimated at step 304 would violate any QoS 
thresholds. For example, the compound carousel may com 
pare the estimated values (e.g., new object acquisition time) 
with corresponding QoS thresholds (e.g., minimum new 
object acquisition time). If the estimated values do violate one 
or more QoS thresholds, a procedure incorporating step 306 
may progress to step 308. Otherwise, the procedure may 
progress to step 310. At step 308, the data object may be 
rejected. For example, the server platform 102 (FIG. 1) may 
send a reject add data object request notification responsive to 
the request of step 302. At step 310, the data object may be 
accepted. For example, the server platform 102 may send an 
accept add data object request notification responsive to the 
request of step 302. 
I0081. At step 312, the data object may be added to one or 
more elementary carousels. For example, the compound car 
ousel may add the data object to a rapid update elementary 
carousel and/or a previously empty elementary carousel (thus 
activating the). The compound carousel may create a new 
elementary carousel for the new data object. At step 314, a 
desired bandwidth for the compound carousel may be (re-) 
determined. For example, as described below in more detail, 
the compound carousel may re-determine the desired band 
width base at least on estimated acquisition time determina 
tions made by its elementary carousels. With the data object 
added, the re-determined desired bandwidth for the com 
pound carousel may be greater than a previously determined 
desired bandwidth, however, this is not necessarily the case. 
I0082. At step 316, the compound carousel may request the 
desired bandwidth from the bandwidth manager 106 (FIG.1), 
and receive a corresponding bandwidth allocation in 
response. In addition, the request may cause the issuance of 
bandwidth allocation notifications to carousels other than the 
requesting carousel. For example, if the data object is added 
to a compound carousel associated with a datacast session 
having a high priority level, other carousels may have their 
bandwidth allocations reduced to accommodate the new data 
object. At step 318, the bandwidth allocation received at step 
316 may be distributed among the elementary carousels of the 
compound carousels in accordance with the set of elementary 
carousel management policies. 
I0083 FIG. 4 depict example steps for removing a data 
object from a compound carousel in accordance with some 
embodiments of the present invention. At step 402, a request 
to remove the data object may be received. For example, the 
server platform 102 (FIG. 1) may receive the request to 
remove from the server application 148. Alternatively, the 
compound carousel may receive the request directly. At step 
404, the data object may be removed from each elementary 
carousel to which it was added. For example, the server plat 
form 102 may identify one or more of the compound carou 
sels associated with the data object and instruct the compound 
carousel(s) to remove the data object. The identified com 
pound carousel(s) may each identify one or more of their 
elementary carousels datacasting the data object, and remove 
the data object from the identified elementary carousels. 
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Removing the data object from an elementary carousel may 
delete and/or deactivate the elementary carousel. 
0084 With the data object removed, the desired band 
width of the compound carousel may decrease, however, this 
is not necessarily the case, and at step 406, the desired band 
width for the compound carousel may be re-determined. For 
example, step 406 may correspond to and/or be implemented 
in accordance with step 314 of FIG. 3. Similarly, steps 408 
and 410 (request/receive a new bandwidth allocation and 
distribute it among the elementary carousels) may correspond 
to and/or be implemented in accordance with steps 316 and 
318. For example, removal of the data object may allow 
compound carousels associated with lower priority datacast 
sessions to be upgraded to normal operation (e.g., utilizing 
datacasting bandwidth in accordance with a normal band 
width guideline in contrast with a minimum bandwidth 
guideline). 
0085 Data objects may have one or more associated life 
times. For example, a lifetime to be datacast at a particular 
priority, a lifetime to be datacast at any priority, a lifetime 
associated with a particular elementary carousel, and/or Suit 
able combinations thereof. A lifetime may be specified as a 
particular time period and/or as a particular date and/or time 
(“time') in the future with respect to data object creation, time 
of addition to an elementary carousel, and/or any Suitable 
reference time. FIG. 5 depicts example steps for handling a 
lifetime expiration event in accordance with some embodi 
ments of the present invention. 
I0086. At step 502, a data object lifetime expiration event 
may be detected. For example, An elementary carousel data 
casting the data object may notify an associated compound 
carousel of the lifetime expiration event. At step 504, one or 
more data object lifetime expiration policies may be applied. 
For example, the notified compound carousel may apply the 
one or more data object lifetime expiration policies in accor 
dance with its set of elementary carousel management poli 
cies. Suitable Such policies may include moving the data 
object from the elementary carousel to one or more alterna 
tive (e.g., lower priority) elementary carousels, and/or delet 
ing and/or deactivating the elementary carousel. A procedure 
incorporating step 504 may then progress to the now familiar 
set of steps 506, 508, 510, for example, corresponding to the 
steps 406, 408 and 410, respectively, of FIG. 4. 
0087. In fact, by replacing step 502 with detection of a 
compound carousel reconfiguration event, the steps of FIG.5 
may be applied to any Suitable compound carousel reconfigu 
ration event including reconfiguration of an associated data 
cast session and/or a QoS parameter thereof, and receipt of a 
bandwidth (re)allocation notification. 
0088. It will be helpful to describe details for determining 
elementary carousel QoS parameter values for various data 
cast session types in accordance with some embodiments of 
the present invention. For example, as described above, the 
server application 148 (FIG. 1) may attempt to establish a 
datacast session having a particular type and/or QoS param 
eter values. The datacast session may be associated with 
and/or implemented by a compound carousel. The compound 
carousel may configure its elementary carousel(s) in accor 
dance with the datacast session type and/or the QoS param 
eter values. In accordance with some embodiments of the 
present invention, the server application 148 need not config 
ure any elementary carousels directly. 
0089 For example, the server application 148 may specify 
a datacast session of a particular type and with parameters 
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Such as load parameters and QoS parameters including a 
normal bandwidth guideline, a maximum bandwidth guide 
line, a minimum bandwidth guideline and a priority level. 
Each compound carousel associated with the datacast session 
may be configured with the datacast session QoS parameters. 
For example, the priority level of the datacast session 
becomes the priority level of the compound carousel (the CC 
priority level), and so forth. The specified QoS parameters 
may vary by datacast session type. For clarity, the following 
examples assume that a single compound carousel is associ 
ated with the datacast session, however, as described above, 
each embodiment of the invention is not so limited. 

0090 The datacast session type may be a simple datacast 
session. The compound carousel associated with the simple 
datacast session may include a single elementary carousel. 
The simple datacast session may have a maximum data size 
load parameter, for example, indicating a maximum size of a 
data object that may be placed on the associated compound 
carousel. The compound carousel may determine one or more 
QoS parameters for its single elementary carousel based at 
least on the load parameters and/or the QoS parameters of the 
simple datacast sessions. For example, the compound carou 
sel may set normal, maximum and minimum bandwidth 
guidelines for the elementary carousel equal to the corre 
sponding bandwidth guidelines for the compound carousel. 
Furthermore, the compound carousel may set a target acqui 
sition time for the elementary carousel equal to the maximum 
data size load parameter value divided by the normal band 
width guideline value. 
0091. The datacast session type may be a “file with rapid 
update' type (i.e., a rapid update datacast session). The com 
pound carousel associated with the rapid update datacast 
session may include a base elementary carouseland an update 
elementary carousel. The rapid update datacast session may 
have load parameters including a base maximum data size, an 
update average data size and an update interval. The QoS 
parameters for the rapid update datacast session may include 
an update acquisition time factor relating acquisition times 
for the base and update elementary carousels. The compound 
carousel may determine an acquisition time for the base 
elementary carousel (base EC acquisition time) based at least 
on the normal bandwidth guideline for the compound carou 
sel, the base maximum data size, the update average data size, 
the update interval and/or the update acquisition time factor. 
For example, the compound carousel may solve for the base 
EC acquisition time with the assumption of a worst case load 
(e.g., all base ECs and update ECs loaded with base maxi 
mum data size and update average data size, respectively). 
The compound carousel may determine an acquisition time 
for the update elementary carousel (update EC acquisition 
time) by applying the update acquisition time factor to the 
base EC acquisition time. For example, the update EC acqui 
sition time may be equal to the base EC acquisition time 
multiplied by the update acquisition time factor. 
0092. The compound carousel may determine normal 
bandwidth guidelines for its base and update elementary car 
ousels, for example, based at least on determined acquisition 
times and a worst case load assumption. The compound car 
ousel may determine minimum bandwidth guidelines for its 
base and update elementary carousels. For example, the mini 
mum bandwidth guidelines may be set in proportion to cor 
responding normal bandwidth guidelines and Such that the 
sum of the minimum bandwidth guidelines for the elementary 
carousels is less than or equal to the minimum bandwidth 
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guideline for the compound carousel. As another example, 
the base elementary carousel minimum bandwidth guideline 
may be set equal to the minimum bandwidth guideline for the 
compound carousel and the minimum bandwidth guideline 
for the update elementary carousel may be set to Zero. The 
compound carousel may determine maximum bandwidth 
guidelines for its base and update elementary carousels. For 
example, the maximum bandwidth guidelines may be set in 
proportion to corresponding normal bandwidth guidelines 
and Such that the sum of the maximum bandwidth guidelines 
for the elementary carousels is less than or equal to the maxi 
mum bandwidth guideline for the compound carousel. As 
another example, the base elementary carousel maximum 
bandwidth guideline may be set equal to the normal band 
width guideline for the base elementary carousel and the 
maximum bandwidth guideline for the update elementary 
carousel may be set to a remaining portion of available band 
width such as a difference between the maximum bandwidth 
guideline for the compound carousel and the maximum band 
width guideline for the base elementary carousel. 
0093. The datacast session type may be a “event with 
outage victim' type (i.e., an outage victim datacast session). 
The compound carousel associated with the outage victim 
datacast session may include an event elementary carousel 
and an outage elementary carousel. The outage victim data 
cast session may have load parameters including an event 
average data size and an event interval. The QoS parameters 
for the outage victim datacast session may include an outage 
coverage time period and an outage acquisition time factor 
relating acquisition times for the event and outage elementary 
carousels. The compound carousel may determine an acqui 
sition time for the event elementary carousel (event EC acqui 
sition time) based at least on the normal bandwidth guideline 
for the compound carousel, the event average data size, the 
event interval and/or the outage acquisition time factor. For 
example, the compound carousel may solve for the event EC 
acquisition time with the assumption of a worst case load 
(e.g., all event ECs and outage ECs loaded with event average 
data size throughout the outage coverage time). The com 
pound carousel may determine an acquisition time for the 
outage elementary carousel (outage EC acquisition time) by 
applying the outage acquisition time factor to the event EC 
acquisition time. For example, the outage EC acquisition time 
may be equal to the event EC acquisition time divided by the 
outage acquisition time factor. 
0094. The compound carousel may determine normal 
bandwidth guidelines for its event and outage elementary 
carousels, for example, based at least on determined acquisi 
tion times and a worst case load assumption. The compound 
carousel may determine minimum bandwidth guidelines for 
its event and outage elementary carousels. For example, the 
minimum bandwidth guidelines may be set in proportion to 
corresponding normal bandwidth guidelines and Such that the 
sum of the minimum bandwidth guidelines for the elementary 
carousels is less than or equal to the minimum bandwidth 
guideline for the compound carousel. As another example, 
the event elementary carousel minimum bandwidth guideline 
may be set equal to the minimum bandwidth guideline for the 
compound carousel and the minimum bandwidth guideline 
for the outage elementary carousel may be set to Zero. The 
compound carousel may determine maximum bandwidth 
guidelines for its event and outage elementary carousels. For 
example, the maximum bandwidth guidelines may be set in 
proportion to corresponding normal bandwidth guidelines 
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and Such that the Sum of the maximum bandwidth guidelines 
for the elementary carousels is less than or equal to the maxi 
mum bandwidth guideline for the compound carousel. As 
another example, the event elementary carousel maximum 
bandwidth guideline may be set equal to the normal band 
width guideline for the event elementary carousel and the 
maximum bandwidth guideline for the outage elementary 
carousel may be set to a remaining portion of available band 
width such as a difference between the maximum bandwidth 
guideline for the compound carousel and the maximum band 
width guideline for the base elementary carousel. 
0.095 Hybrid and/or combination datacast session types 
are possible. For example, the datacast session type may be a 
“file with rapid update and outage victim' type. The com 
pound carousel associated with the hybrid datacast session 
may include a base elementary carousel, an update elemen 
tary carousel and an outage elementary carousel. The hybrid 
datacast session may have load parameters including a base 
maximum data size, an update average data size and an update 
interval. The QoS parameters for the hybrid datacast session 
may include an update acquisition time factor relating acqui 
sition times for the base and update elementary carousels, an 
outage coverage time period, and an outage acquisition time 
factor relating acquisition times for the base and outage 
elementary carousels. The compound carousel may deter 
mine an acquisition time for the base elementary carousel 
(base EC acquisition time) based at least on the normal band 
width guideline for the compound carousel, the base maxi 
mum data size, the update average data size, the update inter 
val, the update acquisition time factor, the outage coverage 
time period and/or the outage acquisition time factor. For 
example, the compound carousel may solve for the base EC 
acquisition time with the assumption of a worst case load 
(e.g., all base ECs, update ECs and outage ECs loaded with 
base maximum data size, update average data size and update 
average data size, respectively, throughout the outage cover 
age time period). The compound carousel may determine an 
acquisition time for the update elementary carousel (update 
EC acquisition time) by applying the update acquisition time 
factor to the base EC acquisition time. For example, the 
update EC acquisition time may be equal to the base EC 
acquisition time multiplied by the update acquisition time 
factor. The compound carousel may determine an acquisition 
time for the outage elementary carousel (outage EC acquisi 
tion time) by applying the outage acquisition time factor to 
the base EC acquisition time. For example, the outage EC 
acquisition time may be equal to the base EC acquisition time 
multiplied by the outage acquisition time factor. 
0096. The compound carousel may determine normal 
bandwidth guidelines for its base, update and outage elemen 
tary carousels, for example, based at least on determined 
acquisition times and a worst case load assumption. The 
compound carousel may determine minimum bandwidth 
guidelines for its base, update and outage elementary carou 
sels. For example, the minimum bandwidth guidelines may 
be set in proportion to corresponding normal bandwidth 
guidelines and Such that the Sum of the minimum bandwidth 
guidelines for the elementary carousels is less than or equal to 
the minimum bandwidth guideline for the compound carou 
sel. As another example, the base elementary carousel mini 
mum bandwidth guideline may be set equal to the minimum 
bandwidth guideline for the compound carouseland the mini 
mum bandwidth guidelines for the update and outage elemen 
tary carousels may be set to Zero. The compound carousel 
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may determine maximum bandwidth guidelines for its base, 
update and outage elementary carousels. For example, the 
maximum bandwidth guidelines may be set in proportion to 
corresponding normal bandwidth guidelines and Such that the 
sum of the maximum bandwidth guidelines for the elemen 
tary carousels is less than or equal to the maximum bandwidth 
guideline for the compound carousel. As another example, 
the base elementary carousel maximum bandwidth guideline 
may be set equal to the normal bandwidth guideline for the 
base elementary carousel, the outage elementary carousel 
maximum bandwidth guideline may be set equal to the nor 
mal bandwidth guideline for the outage elementary carousel, 
and the maximum bandwidth guideline for the update 
elementary carousel may be set to a remaining portion of 
available bandwidth such as a difference between the maxi 
mum bandwidth guideline for the compound carousel and the 
Sum of the base and outage elementary carousel maximum 
bandwidth guidelines. 
0097. As another example of a hybrid datacast session 
type, the datacast session type may be a “file with rapid update 
and intermittent listener” type. The compound carousel asso 
ciated with this hybrid datacast session may include a base 
elementary carousel and an update elementary carousel. The 
hybrid datacast session may have load parameters including a 
base maximum data size, an update average data size and an 
update interval. The QoS parameters for the hybrid datacast 
session may include an intermittent listener time period and 
an update acquisition time factor relating acquisition times 
for the base and update elementary carousels. The compound 
carousel may determine an acquisition time for the base 
elementary carousel (base EC acquisition time) based at least 
on the normal bandwidth guideline for the compound carou 
sel, the base maximum data size, the update average data size, 
the update interval, the intermittent listener time period and/ 
or the update acquisition time factor. For example, the com 
pound carousel may solve for the base EC acquisition time 
with the assumption of a worst case load (e.g., all base ECs 
and update ECs loaded with base maximum data size and 
update average data size, respectively). The compound car 
ousel may determine an acquisition time for the update 
elementary carousel (update EC acquisition time) by apply 
ing the update acquisition time factor to the base EC acqui 
sition time. For example, the update EC acquisition time may 
be equal to the base EC acquisition time multiplied by the 
update acquisition time factor. 
0098. The compound carousel may determine normal 
bandwidth guidelines for its base and update elementary car 
ousels, for example, based at least on determined acquisition 
times and a worst case load assumption. The compound car 
ousel may determine minimum bandwidth guidelines for its 
base and update elementary carousels. For example, the mini 
mum bandwidth guidelines may be set in proportion to cor 
responding normal bandwidth guidelines and Such that the 
sum of the minimum bandwidth guidelines for the elementary 
carousels is less than or equal to the minimum bandwidth 
guideline for the compound carousel. As another example, 
the base elementary carousel minimum bandwidth guideline 
may be set equal to the minimum bandwidth guideline for the 
compound carousel and the minimum bandwidth guideline 
for the update elementary carousel may be set to Zero. The 
compound carousel may determine maximum bandwidth 
guidelines for its base and update elementary carousels. For 
example, the maximum bandwidth guidelines may be set in 
proportion to corresponding normal bandwidth guidelines 
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and Such that the Sum of the maximum bandwidth guidelines 
for the elementary carousels is less than or equal to the maxi 
mum bandwidth guideline for the compound carousel. As 
another example, the base elementary carousel maximum 
bandwidth guideline may be set equal to the normal band 
width guideline for the base elementary carousel and the 
maximum bandwidth guideline for the update elementary 
carousel may be set to a remaining portion of available band 
width such as a difference between the maximum bandwidth 
guideline for the compound carousel and the maximum band 
width guideline for the base elementary carousel. 
0099 Having described aspects of compound carousels in 
accordance with some embodiments of the present invention 
and their relationships with datacasting sessions of various 
types, it will be helpful to describe further details of band 
width managers in accordance with Some embodiments of the 
present invention and their relationships with compound car 
ousels. In accordance with Some embodiments of the present 
invention, DQoS management capability may be facilitated 
in the datacast system 100 (FIG. 1) by a hierarchy including 
the bandwidth manager 106, the compound carousels 106 and 
a plurality of elementary carousels such as the elementary 
carousel 105. FIG. 6 depicts aspects of an example DQoS 
management hierarchy 600 in accordance with some embodi 
ments of the present invention. 
0100. The DQoS management hierarchy 600 may include 
a bandwidth manager 602 managing one or more compound 
carousels 604,606, 608. The bandwidth manager 602 may be 
an example of and/or implemented at least in part by the 
bandwidth manager 106 of FIG.1. Similarly, the compound 
carousels 604, 606, 608 may be examples of and/or imple 
mented at least in part by the compound carousels 104 of FIG. 
1. Each compound carousel 604, 606, 608 may include an 
elementary carousel manger 610, 612, 614 managing one or 
more elementary carousels (EC) 616, 618, 620. The elemen 
tary carousels may be examples of and/or implemented at 
least in part by elementary carousels described with reference 
to FIG. 1 such as the elementary carousel 105. The arrows in 
FIG. 6 between the bandwidth manager 602 and the com 
pound carousels 604. 606, 608 indicate a bidirectional com 
municative path between the modules 602, 604, 606, 608. As 
will be apparent to one of skill in the art, such a communica 
tive path may employ messages including messages of a 
protocol, calls such as programmatic calls, remote procedure 
calls, and/or any Suitable communicative technique. The 
arrows between the elementary carousel managers 610, 612, 
614 and the elementary carousels 616, 618, 620 indicate a like 
communicative path. 
0101 FIG.7 depicts example steps that may be performed 
by the DQoS management hierarchy 600 (FIG. 6) in accor 
dance with some embodiments of the present invention. For 
example, a procedure incorporating these steps may be trig 
gered by events as described above with reference to FIG. 2, 
FIG. 3, FIG. 4 and/or FIG. 5. Although such an event may be 
initiated, for example, by the server application 148 (FIG.1), 
the steps depicted in FIG.7 may be performed, for example, 
by the server platform 102, independent of further interaction 
with the server application 148. At step 702, a desired band 
width may be determined for each compound carousel 604, 
606, 608. For example, the desired bandwidth for each com 
pound carousel 604, 606, 608 may be determined at least in 
part by querying the respective elementary carousels 616, 
618, 620 for corresponding desired bandwidths. Example 
steps that may be performed by the compound carousel 604, 
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606, 608 and the elementary carousels 616, 618, 620 to deter 
mine the desired bandwidth are described below in more 
detail. 
0102. At step 704, the compound carousel 604, 606, 608 
(FIG. 6) may request a bandwidth allocation from the band 
width manager 602. For example, one or more of the com 
pound carousels 604,606, 608 may utilize the communicative 
path to request the desired bandwidth(s) determined at step 
702 from the bandwidth manager 602. At step 706, the band 
width manager 602 may determine bandwidth (re-)alloca 
tions for each of the compound carousels 604, 606, 608. A 
request from one of the compound carousels 604, 606, 608 at 
step 704 may results in a new bandwidth allocation for each of 
the compound carousels 604. 606, 608. Example steps for 
determining bandwidth (re-)allocations in accordance with 
some embodiments of the present invention are described 
below in more detail. 
(0103) At step 708, the compound carousel 604, 606, 608 
(FIG. 6) may receive a bandwidth (re-)allocation notification 
from the bandwidth manager 602. For example, the band 
width manager 602 may send bandwidth (re-)allocation noti 
fications to the compound carousel 604,606, 608 utilizing the 
communicative path and responsive to the bandwidth (re-) 
allocations of step 706. At step 710, each compound carousel 
604, 606, 608 may distribute its bandwidth allocation among 
its respective elementary carousels 616, 618, 620, for 
example, as described below in more detail. 
0104 FIG. 8 depicts example steps that may be performed 
by compound carousels 604,606, 608 (FIG. 6) to determine a 
desired bandwidth. At step 802, a next one of the elementary 
carousels 616, 618, 620 of the compound carousel 604. 606, 
608 may be selected. At step 804, a maximum data size for the 
selected elementary carousel may be estimated. For example, 
the maximum data size may be estimated by the managing 
elementary carousel manager based at least on part on load 
parameters of the datacast session associated with the corre 
sponding compound carousel. The load parameters may 
include a maximum data size (e.g., base maximum data size 
for a base elementary carousel) and/or periodic load param 
eters (e.g., average update data size and update interval) that 
may be utilized to estimate a Suitable data size (e.g., a product 
of average update data size and update interval). 
0105. At step 806, a normal bandwidth guideline may be 
determined for the selected elementary carousel. For 
example, the managing elementary carousel manager may 
determine the normal bandwidth guideline for the selected 
elementary carousel based at least in part on the associated 
datacast session as described above. At step 808, a target 
acquisition time may be determined for the selected elemen 
tary carousel. For example, the managing elementary carou 
sel manager may determine the target acquisition time based 
at least on the maximum data size estimated at step 804 and/or 
the normal bandwidth guideline determined at step 806. In 
accordance with some embodiments of the present invention, 
the target acquisition time may be determined as the esti 
mated maximum data size divided by the determined normal 
bandwidth guideline. 
0106. At step 810, a desired bandwidth may be determined 
for the selected elementary carousel. For example, the man 
aging elementary carousel manager may determine the 
desired bandwidth based at least on a current total size of data 
loaded on the selected elementary carousel, the target acqui 
sition time as determined at step 808, and/or an overhead 
factor. In accordance with some embodiments of the present 
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invention, the desired bandwidth may be determined as the 
current total data size divided by the target acquisition time 
and multiplied by the overhead factor. The overhead factor 
may account for overhead incurred by the selected elemen 
tary carousel and/or an associated datacasting protocol Such 
as the FLUTE protocol. 
0107 At step 812, it may be determined if the managing 
elementary carousel manager manages any more elementary 
carousels. If there are elementary carousels for which a 
desired bandwidth has not yet been determined, a procedure 
incorporating step 812 may return to step 802. Otherwise, the 
procedure may progress to step 814 where a desired band 
width may be determined for the compound carousel as a 
whole. For example, the compound carousel may determine 
its desired bandwidth based at least in part on the desired 
bandwidths of its elementary carousels. In accordance with 
Some embodiments of the present invention, the compound 
carousel may determine its desired bandwidth at least in part 
by Summing the desired bandwidths of its elementary carou 
sels. 
0.108 FIG.9 depicts example steps that may be performed 
by the bandwidth manager 602 (FIG. 6) to determine band 
width allocations for compound carousels 604, 606, 608. At 
step 902, the bandwidth manager 602 may receive one or 
more bandwidth allocation requests from one or more of the 
compound carousels 604,606, 608. At step 904, one or more 
subsets of the compound carousels 604, 606, 608 may be 
identified based at least on a priority level of respective data 
cast sessions associated with the compound carousels 604, 
606, 608. For example, each of the compound carousels asso 
ciated with a highest priority level datacast session (i.e., high 
est priority compound carousels) may be identified as a high 
est priority Subset, and similarly for each distinct priority 
level. 

0109. At step 906, a bandwidth allocation may be deter 
mined for each of the compound carousels 604, 606, 608 
(FIG. 6). As depicted in FIG. 9, step 906 may include a 
plurality of bandwidth allocation cycles 908, 910, etc. For 
example, different ones of the bandwidth allocation cycles 
908,910 may at least partially allocation the available band 
width for the server platform 102 (FIG. 1) in a prioritized 
manner based at least in part on the Subsets of compound 
carousels identified at step 904. Examples of bandwidth allo 
cation cycles in accordance with some embodiments of the 
present invention are described below in more detail. At step 
912, the bandwidth manager 902 may send bandwidth allo 
cation notifications to one or more of the compound carousels 
604, 606, 608. As described above, the number of compound 
carousels 604, 606, 608 receiving bandwidth allocation noti 
fication may be larger than the number that sent bandwidth 
allocation requests received at step 902. 
I0110. In what follows, each compound carousel CC, is 
assumed to be associated with a datacast session specifying at 
least a normal bandwidth guideline BWNorm, a maximum 
bandwidth guideline BWMax, a minimum bandwidth guide 
line BWMin, and a priority level PRI. For example, band 
width guidelines may be specified as a bit rate, and priority 
levels may be specified as a value chosen from an enumerated 
set, an integer, a real number, and/or a Suitable combination 
thereof. The available bandwidth parameter BWA indicates 
unallocated available bandwidth (e.g., unallocated by the 
bandwidth manager 602 of FIG. 6) at any given point in the 
multi-cycle bandwidth allocation process. 
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0111 FIG. 10 depicts example steps for a highest priority 
bandwidth allocation cycle in accordance with some embodi 
ments of the present invention. For example, the highest 
priority bandwidth allocation cycle may correspond to the 
first bandwidth allocation cycle 908 of FIG. 9. At step 1002, 
the highest active priority PRI of a compound carousel (CC) 
may be found by finding the highest-priority compound car 
ousel requesting non-Zero desired bandwidth. An allocation 
subcycle (step 1004) tries to satisfy normal BW for normal 
sessions. In this subcycle, the minimum of the desired band 
width BWD, and the normal bandwidth BWNorm, of each 
compound carousel CC, at highest priority (i.e., the highest 
priority Subset of compound carousels) is allocated to the 
compound carousel CC, and the value is stored in BW, (i.e., 
the bandwidth currently allocated to compound carousel 
CC), and the total bandwidth available to the bandwidth 
manager BWA is reduced by BW. 
0112 One or more steps 1006 may determine if there is 
sufficient available bandwidth BWA to increase the band 
width allocation BW, for each of the highest priority subset of 
compound carousels to the maximum bandwidth guideline 
BWMax. A next allocation subcycle (step 1008) tries to 
satisfy the minimum bandwidth requirements for preempted 
sessions (i.e., compound carousels associated with datacast 
sessions having priority levels lower than the highest). In this 
cycle, the minimum of the desired bandwidth BWD, and the 
minimum bandwidth BWMin, of each compound carousel 
CC, with priority lower than the highest priority is allocated to 
the compound carousel CC, and the value is stored in BW. 
and the total bandwidth available to the bandwidth manager 
BWA is reduced by BW. Note that the subsets of compound 
carousels in these subcycles (i.e., steps 1004 and 1008) are 
disjoint and together form a complete set of all the compound 
carousels managed by the bandwidth manager. 
0113. A next subcycle of allocation (steps 1010, 1012, 
1014, 1016 and 1018) tries to satisfy the highest priority 
sessions with the desired bandwidth. At step 1010, all com 
pound carousel with the highest priority are found and for 
each of the found compound carousel CC, calculate the delta 
D, of the minimum of the desired bandwidth BWD, and maxi 
mum bandwidth BWMax, and the bandwidth BW, previ 
ously allocated. At step 1012, the sum of all the deltas TD is 
calculated. At step 1014, the total delta TD is compared to the 
remaining bandwidth BWA available to the bandwidth man 
ager. If the total delta TD is less than or equal to the remaining 
bandwidth, there is enough bandwidth remaining to satisfy 
the desired bandwidth requirement for all compound carousel 
at highest priority. In step 1016, each compound carousel CC, 
is allocated additional bandwidth D, and the total remaining 
bandwidth BWA is reduced by the same amount. The algo 
rithm may move on to a next allocation cycle (e.g., via dia 
grammatic connector 1020). If the total delta TD is greater 
than the remaining bandwidth, there is not enough bandwidth 
remaining to satisfy the desired bandwidth requirement for all 
compound carousels at highest priority. At step 1018, the 
remaining bandwidth is allocated to each compound carousel 
CC, at the highest priority in proportion to its desired band 
width D. There are other variations of this algorithm to allo 
cate the remaining bandwidth to the compound carousels, for 
example, allocating the remaining bandwidth evenly to each 
compound carousel at highest priority disregarding its 
desired bandwidth. Since there is no more remaining band 
width available after this allocation, the allocation algorithm 
may terminate 1022. 
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0114. In a further normal bandwidth allocation cycle, the 
algorithm tries to allow sessions at lower priority to get 
desired bandwidth, but no more than normal. FIG. 11 depicts 
example steps for a normal bandwidth allocation cycle in 
accordance with some embodiments of the present invention. 
At step 1102, all compound carousel priority levels with 
priority lower than the highest priority are found and sorted in 
descending order. At step 1104, a next (e.g., a first) priority 
level PRI lower than the highest priority is found from the 
list. Each priority level PRI corresponds to a subset of com 
pound carousels. One or more steps 1106 may determine if 
there is sufficient available bandwidth BWA to increase the 
bandwidth allocation BW, for each of the current priority 
subset of compound carousels to the normal bandwidth 
guideline BWNorm. 
0.115. At step 1108, for each of the found compound car 
ousel CC, with priority equal to PRI calculate the delta D, of 
the minimum of the desired bandwidth BWD, and normal 
bandwidth BWNorm, and the bandwidth BW, allocated in 
one or more previous cycles. At step 1110, the sum of all the 
deltas TD is calculated. At step 1112, the total delta TD is 
compared to the remaining bandwidth BWA available to the 
bandwidth manager. If the total delta TD is less than or equal 
to the remaining bandwidth, there is enough bandwidth 
remaining to allow sessions at this priority level PRI to get 
desired bandwidth, but no more than normal. At step 1114, 
each compound carousel CC, is allocated additional band 
width D, and the total remaining bandwidth BWA is reduced 
by the same amount. At step 1116, the list found at step 1102 
is examined to see if any priory level PRI left in the list. If 
there is no more priority level left unallocated, the algorithm 
may continue to the next allocation cycle (e.g., via diagram 
matic connector 1118). Otherwise the next priority level PRI 
is picked and steps 1108, 1110, 1112, 1114 may be repeated. 
If the total delta TD is greater than the remaining bandwidth, 
there is not enough bandwidth remaining to satisfy the 
desired bandwidth requirement for all compound carousel at 
this priority. At step 1120, the remaining bandwidth is allo 
cated to each compound carousel CC, at this priority in pro 
portion to its desired bandwidth D. Note that there are other 
variances of algorithm to allocate the remaining bandwidth to 
the compound carousels, for example, allocating the remain 
ing bandwidth evenly to each compound carousel at this 
priority regardless of its desired bandwidth. Since there is no 
more remaining bandwidth available after this allocation, the 
algorithm may terminate 1122. 
0116. In a further desired bandwidth allocation cycle, the 
algorithm tries to allow sessions at lower priority to get 
desired bandwidth, even if higher than normal. The band 
width allocation is bounded by the maximum bandwidth of 
each compound carousel. FIG. 12 depicts example steps for a 
desired bandwidth allocation cycle in accordance with some 
embodiments of the present invention. At step 1202, all com 
pound carousel priority levels with priority lower than the 
highest priority are found and sorted in descending order. At 
step 1204, a next (e.g., a first) priority level PRI lower than 
the highest priority is found from the list. Each priority level 
PRI corresponds to a Subset of compound carousels. One or 
more steps 1206 may determine if there is sufficient available 
bandwidth BWA to increase the bandwidth allocation BW, 
for each of the current priority Subset of compound carousels 
to its desired bandwidth. 

0117. At step 1208, for each of the found compound car 
ousel CC, with priority equal to PRI calculate the delta D, of 
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the minimum of the desired bandwidth BWD, and normal 
bandwidth BWMax, and the bandwidth BW, allocated in 
previous cycles. At step 1210, the sum of all the deltas TD is 
calculated. At step 1212, the total delta TD is compared to the 
remaining bandwidth BWA available to the bandwidth man 
ager. If the total delta TD is less than or equal to the remaining 
bandwidth, there is enough bandwidth remaining to allow 
sessions at this priority level PRI to get desired bandwidth, 
but no more than maximum. At Step 1214, each compound 
carousel CC, is allocated additional bandwidth D, and the 
total remaining bandwidth BWA is reduced by the same 
amount. At step 1216, the list found at step 1202 is examined 
to seeifany priory level PRI left in the list. If there is no more 
priority level left unallocated, the algorithm may continue to 
the next allocation cycle (e.g., via diagrammatic connector 
1218). Otherwise the next priority level PRI is picked and 
steps 1208, 1210, 1212, 1214, 1216 may be repeated. If the 
total delta TD is greater than the remaining bandwidth, there 
is not enough bandwidth remaining to satisfy the desired 
bandwidth requirement for all compound carousel at this 
priority. At step 1220, the remaining bandwidth is allocated to 
each compound carousel CC, at this priority in proportion to 
its desired bandwidth D. Note that there are other variations 
of the algorithm to allocate the remaining bandwidth to the 
compound carousels, for example, allocate the remaining 
bandwidth evenly to each compound carousel at this priority 
regardless of its desired bandwidth. Since there is no more 
remaining bandwidth available after this allocation, the algo 
rithm may terminate 1222. 
0118. In a further maximum bandwidth allocation cycle, 
the algorithm tries to allow sessions to get maximum band 
width, starting from the highest priority level, until all ses 
sions get the maximumbandwidth or the available bandwidth 
is exhausted. FIG. 13 depicts example steps for a maximum 
bandwidth allocation cycle in accordance with some embodi 
ments of the present invention. At step 1302, all compound 
carousel priority levels are found and Sorted in descending 
order. At step 1304, a next (e.g., a first) priority level PRI 
lower than the highest priority is found from the list. Each 
priority level PRI corresponds to a subset of compound car 
ousels. One or more steps 1306 may determine if there is 
sufficient available bandwidth BWA to increase the band 
width allocation BW, for each of the current priority subset of 
compound carousels to its maximum bandwidth guideline 
BWMax. 
0119. At step 1308, for each of the found compound car 
ousel CC, with priority equal to PRI calculate the delta D, of 
the maximum bandwidth BWMax, and the bandwidth BW, 
allocated in previous cycles. At step 1310, the sum of all the 
deltas TD is calculated. At step 1312, the total delta TD is 
compared to the remaining bandwidth BWA available to the 
bandwidth manager. If the total delta TD is less than or equal 
to the remaining bandwidth, there is enough bandwidth 
remaining to allow sessions at this priority level PRI to get 
the maximum bandwidth. At step 1314, each compound car 
ousel CC, is allocated additional bandwidth D, and the total 
remaining bandwidth BWA is reduced by the same amount. 
Note that this will bring the total bandwidth allocated to the 
maximum bandwidth of the compound carousel CC. At step 
1316, the list found At step 1302 is examined to see if any 
priory level PRI left in the list. If there is no more priority 
level left unallocated, the algorithm may terminate 1318 and 
the remaining bandwidth will be left unallocated. Otherwise 
the next priority level PRI is picked and steps 1308, 1310, 
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1312, 1314, 1316 may be repeated. If the total delta TD is 
greater than the remaining bandwidth, there is not enough 
bandwidth remaining to satisfy the maximum bandwidth 
requirement for all compound carousel at this priority. At step 
1320, the remaining bandwidth is allocated to each com 
pound carousel CC, at this priority in proportion to its desired 
bandwidth D. Note that there are other variations of the 
algorithm to allocate the remaining bandwidth to the com 
pound carousels, for example, allocate the remaining band 
width evenly to each compound carousel at this priority 
regardless of its desired bandwidth. Since there is no more 
remaining bandwidth available after this allocation, the algo 
rithm may terminate 1322. 
0.120. As described above with reference to FIG. 7, once a 
bandwidth allocation is determined for a compound carousel 
CC, the compound carousel may distribute the allocated 
bandwidth among its elementary carousels EC, FIG. 14 
depicts example steps for distributing a bandwidth allocation 
to elementary carousels in accordance with some embodi 
ments of the present invention. At step 1402, the compound 
carousel CC, has bandwidth allocation BW, for example, 
allocated to the compound carousel by the bandwidth man 
ager as described above. In this example, the desired band 
width of the compound carousel DCC, is the sum of all 
desired bandwidth DEC of each elemenary carousel EC 
within the compound carousel CC. At step 1404, the allo 
cated bandwidth BW, is compared to the desired bandwidth 
DCC. If the allocated bandwidth BW, is larger than the 
desired bandwidth DCC, then the desired bandwidth of each 
elementary carousel EC can be satisfied. At step 1406, all the 
available bandwidth is allocated to each elementary carousel 
EC in proportion to the desired bandwidth DCC. Note that 
in this case the bandwidth BWEC allocated to each elemen 
tary carousel EC may be larger than the desired bandwidth 
DCC. The algorithm may then terminate 1408. 
I0121. If the allocated bandwidth BW, is smaller than the 
desired bandwidth DCC, then the desired bandwidth of each 
elementary carousel EC cannot be satisfied. The algorithm 
tries to allocate the minimum bandwidth to each elementary 
carousel EC plus a fair share of the remaining bandwidth. At 
step 1410, each elementary carousel EC is allocated with the 
minimum of the desired bandwidth DEC, and the minimum 
bandwidth BWECMin of the elementary carousel, the avail 
able bandwidth BW, is reduced by the same amount, and the 
delta D of the desired bandwidth DEC and the allocated 
bandwidth BWEC is calculated. At step 1412, the total of the 
deltas TD, is calculated. At step 1414, the remaining band 
width is allocated to each elementary carousel in proportion 
to the desired bandwidth of each elementary carousel. After 
all the bandwidth is allocated, the algorithm may terminate 
1416. 

I0122. As described above with reference to FIG.3, it may 
be that a new data object cannot be added to a datacast session 
and/or compound carousel without violating a QoS threshold. 
Accordingly it may be desirable for the server platform 102 
(FIG. 1) to incorporate intake policing with respect to data 
objects. FIG. 15 depicts example steps for intake policing in 
accordance with some embodiments of the present invention. 
At step 1502, a request to add a data object may be received. 
For example, the server platform 102 may receive the request 
from the server application 148. The server platform 102 may 
route the request to a particular one of the compound carou 
sels 104. Alternatively, the server application 148 may have 
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direct reference to the appropriate compound carousel and 
may make the request of the compound carousel directly. 
0123. The compound carousel may include one or more 
elementary carousels. Some Subset (including all) of the 
elementary carousels may be affected by the addition of the 
new object. At step 1504, the affected subset of elementary 
carousels may be determined. For example, the compound 
carousel may determine the affected Subset in accordance 
with its policies. At step 1506, a next one (e.g., a first one) of 
the Subset of elementary carousels may be selected. At step 
1508, an estimate for data object acquisition time with the 
data object of step 1502 added (the hypothetical acquisition 
time) may be determined. For example, the hypothetical 
acquisition time may be estimated at least in part by dividing 
a total amount of data that would be loaded on the elementary 
carousel with the new data object added by a normal band 
width guideline for the elementary carousel. 
0.124. At step 1510, the hypothetical acquisition time (AT) 
may be compared with an acquisition time threshold for the 
elementary carousel. For example, the acquisition time 
threshold may be set as the target acquisition time for the 
elementary carousel (e.g., determined as described above) 
multiplied by an acquisition time relaxation factor. The acqui 
sition time relaxation factor may be a configuration parameter 
of the compound carousel containing the elementary carou 
sel. If the hypothetical acquisition time is less than the acqui 
sition time threshold, a procedure incorporating step 1510 
may progress to step 1512. Otherwise, the procedure may 
progress to step 1514. 
(0.125. At step 1512, it may be determined whether there 
are more elementary carousels in the affected subset. If so, the 
procedure may return to step 1506 to select the next elemen 
tary carousel for checking. Otherwise, the procedure may 
progress to step 1516. If one of the affected subset of elemen 
tary carousels fails the test of step 1510, the request of step 
1502 may be rejected at step 1514. Otherwise, the request 
may be accepted and the data object added to each of the 
elementary carousels in the affected subset at step 1516. 
0126. In accordance with at least some embodiments, the 
system, apparatus, methods, processes and/or operations for 
managing and efficiently datacasting data objects may be 
wholly or partially implemented in the form of a set of 
instructions executed by one or more programmed computer 
processors such as a central processing unit (CPU) or micro 
processor. Such processors may be incorporated in an appa 
ratus, server, client or other computing device operated by, or 
in communication with, other components of the system. As 
an example, FIG. 16 depicts aspects of elements that may be 
present in a computer device and/or system 1600 configured 
to implement a method and/or process in accordance with 
Some embodiments of the present invention. The Subsystems 
shown in FIG. 16 are interconnected via a system bus 1602. 
Additional subsystems such as a printer 1604, a keyboard 
1606, a fixed disk 1608, a monitor 1610, which is coupled to 
a display adapter 1612. Peripherals and input/output (I/O) 
devices, which couple to an I/O controller 1614, can be con 
nected to the computer system by any number of means 
known in the art, such as a serial port 1616. For example, the 
serial port 1616 or an external interface 1618 can be utilized 
to connect the computer device 1600 to further devices and/or 
systems not shown in FIG. 16 including a wide area network 
Such as the Internet, a mouse input device, and/or a scanner. 
The interconnection via the system bus 1602 allows one or 
more processors 1620 to communicate with each Subsystem 
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and to control the execution of instructions that may be stored 
in a system memory 1622 and/or the fixed disk 1608, as well 
as the exchange of information between Subsystems. The 
system memory 1622 and/or the fixed disk 1608 may embody 
a tangible computer-readable medium. 
I0127. It should be understood that the present invention as 
described above can be implemented in the form of control 
logic using computer Software in a modular or integrated 
manner. Based on the disclosure and teachings provided 
herein, a person of ordinary skill in the art will know and 
appreciate other ways and/or methods to implement the 
present invention using hardware and a combination of hard 
ware and Software. 
I0128. Any of the software components, processes or func 
tions described in this application may be implemented as 
Software code to be executed by a processor using any Suit 
able computer language Such as, for example, Java, C++ or 
Perl using, for example, conventional or object-oriented tech 
niques. The Software code may be stored as a series of instruc 
tions, or commands on a computer readable medium, Such as 
a random access memory (RAM), a read only memory 
(ROM), a magnetic medium such as a hard-drive or a floppy 
disk, or an optical medium such as a CD-ROM. Any such 
computer readable medium may reside on or within a single 
computational apparatus, and may be present on or within 
different computational apparatuses within a system or net 
work. 
I0129. All references, including publications, patent appli 
cations, and patents, cited herein are hereby incorporated by 
reference to the same extent as if each reference were indi 
vidually and specifically indicated to be incorporated by ref 
erence and/or were set forth in its entirety herein. 
0.130. The use of the terms “a” and “an and “the and 
similar referents in the specification and in the following 
claims are to be construed to cover both the singular and the 
plural, unless otherwise indicated herein or clearly contra 
dicted by context. The terms “having.” “including.” “contain 
ing” and similar referents in the specification and in the fol 
lowing claims are to be construed as open-ended terms (e.g., 
meaning “including, but not limited to) unless otherwise 
noted. Recitation of ranges of values herein are merely 
indented to serve as a shorthand method of referring individu 
ally to each separate value inclusively falling within the 
range, unless otherwise indicated herein, and each separate 
value is incorporated into the specification as if it were indi 
vidually recited herein. All methods described herein can be 
performed in any suitable order unless otherwise indicated 
herein or clearly contradicted by context. The use of any and 
all examples, or exemplary language (e.g., “such as') pro 
vided herein, is intended merely to better illuminate embodi 
ments of the invention and does not pose a limitation to the 
Scope of the invention unless otherwise claimed. No language 
in the specification should be construed as indicating any 
non-claimed element as essential to each embodiment of the 
present invention. 
0131 Preferred embodiments of the invention are 
described herein, including the best mode knownto the inven 
tors for carrying out the invention. Variations of those pre 
ferred embodiments may become apparent to those of ordi 
nary skill in the art upon reading the specification. The 
inventors expect skilled artisans to employ such variations as 
appropriate, and the inventors intend for the invention to be 
practiced otherwise than as explicitly described herein. 
Accordingly, embodiments of the invention include all modi 
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fications and equivalents of the Subject matter recited in the 
following claims as permitted by applicable law. 
What is claimed is: 
1. A datacasting apparatus, comprising: 
a plurality of compound carousels associated with a plu 

rality of datacast sessions, each datacast session having 
session parameters comprising a priority level and at 
least one bandwidth guideline; 

a bandwidth manager configured to, at least: 
receive a bandwidth allocation request specifying at 

least a desired bandwidth from each of the plurality of 
compound carousels; 

identify a plurality of subsets of the plurality of com 
pound carousels based at least on the priority levels of 
the plurality of datacast sessions; 

determine abandwidth allocation for each of the plural 
ity of compound carousels based at least on a plurality 
of bandwidth allocation cycles, each bandwidth allo 
cation cycle comprising an at least partial allocation 
of an available bandwidth among each compound 
carousel in one of the plurality of identified subsets of 
the plurality of compound carousels, each at least 
partial allocation based at least on corresponding Sub 
sets of desired bandwidths and bandwidth guidelines: 
and 

notify each of the plurality of compound carousels of its 
determined bandwidth allocation; and 

one or more processors collectively facilitating at least the 
plurality of compound carousels and the bandwidth 
manager. 

2. A datacasting apparatus according to claim 1, wherein: 
each compound carousel comprises at least one elementary 

carousel; and 
each compound carousel is configured at least to allocate 

the determined bandwidth allocation to said at least one 
elementary carousel independent of interaction with the 
bandwidth manager. 

3. A datacasting apparatus according to claim 1, wherein: 
each compound carousel comprises at least one elementary 

carousel; and 
the bandwidth manager is further configured at least to 

allocate the determined bandwidth allocation for each 
compound carousel among said at least one elementary 
carousel of the compound carousel. 

4. A computer-implemented method for datacasting, com 
prising: 

receiving abandwidth allocation request specifying at least 
a desired bandwidth from each of a plurality of com 
pound carousels associated with a plurality of datacast 
sessions each having session parameters comprising a 
priority level and at least one bandwidth guideline; 

identifying a plurality of subsets of the plurality of com 
pound carousels based at least on the priority levels of 
the plurality of datacast sessions; 

determining a bandwidth allocation for each of the plural 
ity of compound carousels based at least on a plurality of 
bandwidth allocation cycles, each bandwidth allocation 
cycle comprising an at least partial allocation of an avail 
able bandwidth among each compound carousel in one 
of the plurality of identified subsets of the plurality of 
compound carousels, each at least partial allocation 
based at least on corresponding Subsets of desired band 
widths and bandwidth guidelines; and 
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notifying each of the plurality of compound carousels of its 
determined bandwidth allocation. 

5. A computer-implemented method according to claim 4. 
wherein: 

the plurality of subsets of the plurality of compound car 
ousels comprises a highest priority Subset in which each 
compound carousel is associated with one of the plural 
ity of datacast sessions having a highest priority level; 
and 

the plurality of bandwidth allocation cycles comprises a 
highest priority bandwidth allocation cycle in which, at 
least, each compound carousel in the highest priority 
subset is allocated at least a portion of the available 
bandwidth in accordance with at least said at least one 
bandwidth guideline of the associated datacast session. 

6. A computer-implemented method according to claim 5. 
wherein: 

said at least one bandwidth guideline comprises: 
a normal bandwidth: 
a minimum bandwidth; and 
a maximum bandwidth; and 

the highest priority bandwidth allocation cycle comprises: 
allocating at least a portion of the available bandwidth to 

each compound carousel in the highest priority Subset 
based at least on the desired bandwidth for the com 
pound carousel and the normal bandwidth parameter 
of the associated datacast session; 

allocating at least a portion of the available bandwidth to 
each of the plurality of compound carousels not in the 
highest priority subset based at least on the desired 
bandwidth for the compound carousel and the mini 
mum bandwidth parameter of the associated datacast 
session; and 

determining whetheran unallocated portion of the avail 
able bandwidth is sufficient to increase the bandwidth 
allocation for each compound carousel in the highest 
priority Subset in accordance with the maximum 
bandwidth parameter of the associated datacast ses 
Sion. 

7. A computer-implemented method according to claim 4. 
wherein: 

the plurality of subsets of the plurality of compound car 
ousels comprises a plurality of lower priority Subsets 
each corresponding to one of a plurality of datacast 
sessions each having a distinct priority level less than a 
highest priority level; and 

the plurality of bandwidth allocation cycles comprises a 
normal bandwidth allocation cycle that comprises deter 
mining whether an unallocated portion of the available 
bandwidth is sufficient to increase a current bandwidth 
allocation for each compound carousel in at least one of 
the plurality of lower priority subsets inaccordance with 
a normal bandwidth parameter of the associated datacast 
session. 

8. A computer-implemented method according to claim 7. 
wherein determining whether the unallocated portion of the 
available bandwidth is sufficient comprises determining an 
allocation delta for each compound carousel in said at least 
one of the plurality of lower priority subsets based on, at least: 

the desired bandwidth specified for the compound carou 
sel; 

the normal bandwidth parameter of the associated datacast 
session; and 
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the current bandwidth allocation for the compound carou 
sel as determined by at least one previous bandwidth 
allocation cycle. 

9. A computer-implemented method according to claim 8. 
wherein the method further comprises, responsive to deter 
mining that the unallocated portion of the available band 
width is insufficient, allocating the unallocated portion of the 
available bandwidth to each compound carousel in said at 
least one of the plurality of lower priority subsets in propor 
tion to the allocation delta determined for the compound 
carousel. 

10. A computer-implemented method according to claim 4. 
wherein: 

the plurality of subsets of the plurality of compound car 
ousels comprises a plurality of lower priority Subsets 
each corresponding to one of a plurality of datacast 
sessions each having a distinct priority level less than a 
highest priority level; and 

the plurality of bandwidth allocation cycles comprises a 
desired bandwidth allocation cycle that comprises deter 
mining whether an unallocated portion of the available 
bandwidth is sufficient to increase a bandwidth alloca 
tion for each compound carousel in at least one of the 
plurality of lowerpriority subsets in accordance with the 
desired bandwidth specified for the compound carousel. 

11. A computer-implemented method according to claim 
10, wherein determining whether the unallocated portion of 
the available bandwidth is sufficient comprises determining 
an allocation delta for each compound carousel in said at least 
one of the plurality of lower priority subsets based on, at least: 

the desired bandwidth specified for the compound carou 
sel; 

a maximum bandwidth parameter of the associated data 
cast session; and 

the current bandwidth allocation for the compound carou 
sel as determined by at least one previous bandwidth 
allocation cycle. 

12. A computer-implemented method according to claim 4. 
wherein the plurality of bandwidth allocation cycles com 
prises a maximum bandwidth allocation cycle that comprises 
determining whether an unallocated portion of the available 
bandwidth is sufficient to increase abandwidth allocation for 
each compound carousel in the plurality of Subsets in accor 
dance with a maximum bandwidth parameter of the associ 
ated datacast session. 

13. A computer-implemented method according to claim 
12, wherein determining whether the unallocated portion of 
the available bandwidth is sufficient comprises determining 
an allocation delta for each compound carousel in the plural 
ity of subsets based at least on a difference between the 
maximum bandwidth parameter of the associated datacast 
session and the current bandwidth allocation for the com 
pound carousel as determined by at least one previous band 
width allocation cycle. 

14. A computer-implemented method for datacasting, 
comprising: 

determining a desired bandwidth for a compound carousel 
comprising a plurality of elementary carousels based at 
least on at least a subset of desired bandwidths for the 
plurality of elementary carousels; 
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requesting a bandwidth allocation from a bandwidth man 
ager for a plurality of compound carousels associated 
with a plurality of datacast sessions each having session 
parameters comprising a priority level; 

receiving a bandwidth allocation notification specifying at 
least the requested bandwidth allocation determined 
based at least on a plurality of bandwidth allocation 
cycles, each bandwidth allocation cycle comprising an 
at least partial allocation of an available bandwidth 
among each compound carousel in one of a plurality of 
Subsets of the plurality of compound carousels, each 
subset of the plurality of compound carousels identified 
based at least on the priority levels of the plurality of 
datacast sessions; and 

determining a bandwidth allocation for each of the plural 
ity of elementary carousels based at least on said at least 
a subset of desired bandwidths for the plurality of 
elementary carousels. 

15. A computer-implemented method according to claim 
14, wherein the method further comprises: 

receiving a request to add a data object to the compound 
carousel; 

for each of at least a subset of the plurality of elementary 
carousels, determining an estimated acquisition time 
with the data object added: 

determining whether each estimated acquisition time is 
less than an acquisition time threshold for the elemen 
tary carousel; and 

if so, adding the data object to each of said at least a Subset 
of the plurality of elementary carousels. 

16. A computer-implemented method according to claim 
14, wherein: 

the session parameters for the datacast session associated 
with the compound carousel further comprise a datacast 
session type; and 

the method further comprises determining at least one 
bandwidth guideline for each elementary carousel of the 
compound carouselbased at least on the datacast session 
type. 

17. A computer-implemented method according to claim 
16, wherein: 

the datacast session type comprises a rapid update datacast 
session type; and 

the method further comprises: 
determining an acquisition time estimate for a base 

elementary carousel of the compound carousel based 
at least on a base maximum data size, an average 
update size, and an update interval; and 

determining an acquisition time estimate for an update 
elementary carousel of the compound carousel based 
at least on the acquisition time estimate for the base 
elementary carousel of the compound carousel. 

18. A computer-implemented method according to claim 
17, wherein the method further comprises: 

determining a normal bandwidth guideline for the base 
elementary carousel based at least on the acquisition 
time estimate for the base elementary carousel and a 
worst case load assumption; and 

determining a normal bandwidth guideline for the update 
elementary carousel based at least on the acquisition 
time estimate for the update elementary carousel and the 
worst case load assumption. 
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19. A computer-implemented method according to claim 
16, wherein: 

the datacast session type comprises an outage victim data 
cast session type; and 

the method further comprises: 
determining an acquisition time estimate for an event 

elementary carousel of the compound carousel based 
at least on an average event size, an event interval, and 
an outage coverage time; and 

determining an acquisition time estimate for an outage 
elementary carousel of the compound carousel based 
at least on the acquisition time estimate for the event 
elementary carousel of the compound carousel. 

20. A computer-implemented method according to claim 
16, wherein: 

the datacast session type comprises a hybrid datacast ses 
sion type; and 
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the method further comprises: 
determining an acquisition time estimate for a base 

elementary carousel of the compound carousel based 
at least on a base maximum data size, an average 
update size, an update interval, and an outage cover 
age time; 

determining an acquisition time estimate for an update 
elementary carousel of the compound carousel based 
at least on the acquisition time estimate for the base 
elementary carousel of the compound carousel; and 

determining an acquisition time estimate for an outage 
elementary carousel of the compound carousel based 
at least on the acquisition time estimate for the base 
elementary carousel of the compound carousel. 

c c c c c 


